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(54) Method for manufacturing a bonded wafer 

(57) A method tor manufacturing a bonded water 
comprises the steps of: mirror-polishing a surface of first 
(1) and second (2) substrates, bringing the mirror-pol- 
ished surfaces of the substrates (1 .2) into contact with 
one another to join them together, and subjecting the 
substrates (1 ,2) to a heat treatment to firmly bond them. 
An insulating layer (3) may be formed on one surface 
prior to joining. One of the surfaces of the first and sec- 
ond substrates (1,2) prior to bonding, or one surface of 
the bonded wafer is subjected to polishing treatment in 
which irregularities on a rear surface of the one sub- 
strate or the figure of the surface of a polishing plate 
which is in contact with the rear surface of the one sub- 
strate exerts little influence on its surface finish. 
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Description 



The present invention relates to a technique for bonding two pieces of substrates to one another, for example, to 
a technique to realise a bonded wafer having an SOI (silicon on insulator) structure, in which two pieces of silicon 

5 wafers are joined through an oxide film without an adhesive and thereafter one of the bonded wafer pieces is thinned, 
and to a technique for directly bonding semiconductor substrates to each other with no oxide film. 

Particularly, in a technique for a semiconductor substrate having an SOi structure, one manufactured by the so- 
called SIMOX (separation by implanted oxygen) method in which oxygen ions are heavily implanted into a silicon single 
crystal and thereafter a heat treatment is carried out to form an oxide film, has been as a superior SO! wafer and 

10 researches therefor have been prosecuted, the SIMOX method is excellent in uniformity of the thickness of the thm 
SOI layer because the thickness of the SOI layer to form an active region for a device can be determined by the 
accelerating voltage at the time of the implantation of oxygen ions. However, in the method, there are a lot of problems, 
for example, about the reliability of the oxide film, the necessity of a heat treatment at a temperature not less than - 
1 300 °C in order to recover the crystallinity of a silicon layer which was changed 1o an amorphous state, and the like. 

15 ' A type of bonded wafer manufactured by bonding two pieces of silicon waf ers with mirror finished surfaces to each 
other has been watched as another wafer having an SOI structure. The method therefor will be explained as follow-. 

When the mirror surlaces of the two pieces of silicon wafers are brought contact with each other under a clean 
condition after forming an oxide film on the mirror surface of at least one of the two pieces of silicon waters, these 
wafer pieces are joined to each other through the oxide film without an adhesive (hereinafter, this state may be referred 

20 to as the "joining"). Because such a joining state is not a perfect one, a heat treatment is then carried out to the joined 
wafer pieces to firmly bond them together (hereinafter, this state may be referred to as the "bonding"). Thereafter, the 
one (hereinafter, the surface thereof may be referred to as the 'main surface") of the bonded wafer pieces in the side 
in which an active region for a device will be formed is thinned by wet etching or by grinding, and then the thinned 
surface is polished. Thus, a bonded wafer with a thinned SOI layer is obtained. In this case, it is required that the snicon 

25 layer in the side to be thinned comprises a single crystal. 

Because such a bonded wafer requires no interposition of foreign material such as an-adhesive between the wafer 
pieces the bonded wafer provides the advantages that subsequent high temperature heat treatments or various types 
of chemical treatments can be freely perfpnmed and a dielectric layer can be easily buried therein. Recently, in coop- 
eration with improvement of thin film technology, e.g., improvement of flatness, cleanliness or the like, the technique 

30 for manufacturing a bonded wafer has come to attract special attention. 

The SOI layer of a bonded wafer tends to become the thinner by the requirement of larger scale integration and 
of higher speed of semiconductor devices. Recently, a bonded wafer having an extremely thin SOI layer, e.g.. of not 
more than 1 ^im, has been required. In such a bonded wafer, uniformity of the thickness of the thinned SOI layer or 
processing accuracy thereof is a problem. 

35 For example, in order to achieve the thickness of the SO! layer which is equal to or less than that of SIMOX, for a 

future complementary MOS substrate, it is required to realize an average thickness of the -SO! layer not larger than 
01 ^m and a processing accuracy of thickness being within at least ± 0.01 ^m. It is preferable that the SOI layer 
thickness distribution after thinning has a standard deviation not larger than 2 nm, when comparing it with that of the 
SOI layer of the existing SIMOX wafer However, a conventional bonded wafer has a limit of the processing accuracy 

40 of the SOI layerthickness, which is about ±0. 03 ^m for an average thickness of SOI layer of 1 jim. Herein, the processing 
accuracy of thickness is considered to correspond to three times the standard deviation value. 

Recently, a method in which the layer thicknesses of an SOI wafer are measured at a plurality of points and the 
SOI layer can be thinned to about 0.1 ^m on the basis of the obtained layerthickness distribution, has been developed. 
However, according to the method, it is considerably difficult to stably obtain a satisfactory processing accuracy of 

45 thickness, for example, an SOI layer thickness distribution having a standard deviation not larger than 2 nm. 

The present inventors have studied and examined various measures to overcome the limit. As a result, it has been 
found that the limit is due to the finish processing accuracy of the mirror surfaces of a wafer prior to bonding and due 
to the processing accuracy in the previous step prior to the step for working the SOI layer to have a thickness of 0. 1 ^m. 
That is. it has been found that the thickness distribution of the SOI layer of the bonded wafer which was thinned 

so to 0 1 Mm by a method with a conventional processing accuracy, is very similar to the distribution of small irregularities 
(hereinafter referred to as the -peels") which is detected in an obsen/ation of a general mirror wafer surface through 
a magic mirror (an evaluation of a mirror surface by light reflection). It is said that the peels are created by the irregu- 
larities on the rear surface of a wafer or the figure of the surface of a polishing plate which is in contact with the rear 
surface of the wafer, being transferred onto the front surface of the wafer during polishing the wafer From this matter. 

55 it is considered that the thickness irregularity of the thinned layer of the bonded wafer is caused due to being not able 
to completely remove the peels of the wafer which were created during a polishing step, e.g., the wax-mounting pol- 
• ishing method which is generally used, or the like, and therefore, the thickness distribution of the thinned layer is 
dependent on the peel distribution of the wafer 



2 



0797248A2 I > 



EP 0 797 248 A2 



in peak-to-valley value, and a 'arga p^rjod -^-^-9;°^ vaStSn) or a surface roughness. Therefore, in conven- 
measurement device for -^^/-^^ athickness of not less than 1 ^m, the existence 

Slpe^otrora^ts^b^^^^^^^^^ 

%Z tlsLZe obsen^ed by using a magic mirror and the size thereof can be measured by a contact probe 

poS^g xZZ.r surface of the silicon mirror wafer which was not an .ssue .n the past. 

The present invention was ^^-^^l^^J^J^;^ ^^^^ a uniform thickness and a higher processing 

eccry^^oirgTw=^::^^^^^^ 

'^Tcco^ying tTa'^^^^^^^^^ Of this invention a method for manufacturing a bonded wafer comprising the steps of: 
mirror-polishing a surface ot a first substrate. 

substrates together, and ,. to a heattreatmentto firmly bondthe substrates together, is characterised 

subieCing the first -f,^^-'=°"'^^="^^^^^^^^^^^ a polishing treatment in which irregularities on a 

Ters^^a'c^^of^e^" r:^^^^^^^^ ot^a polishing p.te which is in contact v.th the rear 

surface of the one substrate exerts little influence on the surface finish. 

^ , ,^ ^othoH it is Dossible to obtain a bonded wafer comprising first and second substrates directly 

substrate on an Si substrate and the h^^^^ rnirror-polished surfaces of the first and second sub- 

Preferably an insulating ^''"^ ^^Icfeach other through the insulating film to join the substrates together 
strates, and the first and second substrates contact eacn omer inro 9 « polished surfaces of 

the first and second pieces. Consequeniiy, in me 

40 Steps of: 

mirror-polishing a surface of a first substrate, 

one substrate exerts little influence on the surface finish. 

According to the method, it is possible to obtain a bonded wafer such as a bonded wafer of an SOI structure, 
Having a ^^l^^;^!^:^;^^^ ^ silicon. The polishing treatment is preferably per- 

form:ra^S:^^:--f^-- 

r "t^e^reVur^iri^r^^^^^^^ — - - --^ 
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substrate is polished witli a polishing cloth while the rear surface thereof is held in a hole with a diameter slightly larger 
than that oi the wafer, of a substrate supporting member 

In such methods, particularly, it is preferable to further comprise the steps of: thinning one of the firmly bonded 
substrates by wet-etching or grinding, and polishing the thinned one. The method may further compnse the steps of; 

s thinning one of the firmly bonded substrates by wet-etching or grinding, polishing the thinned one, and further thinning 
the polished thinned one by vapour-phase etching to form a thin semiconductor layer. The step of further thinning by 
a vapour-phase etching preferably comprises, measuring a thickness distribution of the one of bonded substrates to 
be previously made thinner to make a map of the thickness distribution, and locally thinning a thicker portion thereof 
by a vapour phase etching which is numerically controlled. This method is generally called as the PACE (plasma 

TO assisted chemical etching) method. According to the method further comprising such steps, it is possible to stably 
obtain a satisfactory processing accuracy of thickness, for example, an SOI layer thickness distribution having a stand- 
ard deviation not larger than 2 nm. ^ . . . 

Preferred embodiments of methods in accordance with this invention will now be described with reference to the 

accompanying drawings, in which:- 

FIGS. 1 A-1 F are schematic sectional views showing steps of manufacturing a bonded wafer having an SOI struc- 

FIG." 2A is a view for showing a conception of a measuring method for a thin layer of an SOI wafer in the PACE 
method; 

20 FIG. 2B is a perspective view showing a conception of thinning in the PACE method; 

FIG 2C is an enlarged sectional view of a part of FIG. 2B; 

FIG. 3 is a schematic view showing an embodiment of a double side polishing apparatus used in the present 

invention; • u * * u u- 

FIG. 4 is a schematic sectional view showing an embodiment of a polishing apparatus using a substrate holding 

2S member; and .. . \.. j.. t-.«,-^rr 

Fl G. 5 is a graph showing the layer thickness distribution of a bonded SOI wafer which was thinned by the PACE 

method after polishing by a wax-iT>ounting polishing method. 

■ FIG 1 shows steps of manufacturing a bonded silicon wafer having an SOI structure in an embodiment of the 

30 present invention. First, two pieces of silicon wafers, that is, a piece of wafer 1 (hereinafter, referred to as the "bond 
wafer" or "first substrate") for forming SOI layer and another piece of wafer 2 (hereinafter, referred to as the "base 
wafer" or "second substrate") for making a supporting substrate are prepared, and at least a surface of the first and 
second substrates 1 and 2 is mirror-polished by a suitable polishing method, as shown in FIG. 1 A. The polishing method 
is selected from the so-called wax-mounting polishing method, the double side polishing method, a polishing method 

3S In which the rear surface of the substrate is held on a soft surface of a holding member to absorb the irregularities on 
the rear surface of the one substrate, a polishing method in which the front surface of.the substrate is polished with 
an polishing pad while the rear surface thereof is held in a hole with a diameter slightly larger than that of the wafer, 
formed in a substrate supporting member, orthe like. Thereafter, on at least one of the mirror-polished surfaces of the 
first and second substrates 1 and 2, an insulating layer 3 such as an oxide film is formed by atmospheric or high 

40 pressure thermal oxidation, plasma oxidation, or the like. The mirror-polished surfaces of the first and second substrates 
1 and 2 are brought into contact with each other through the insulating film 3 under a room temperature to join these 
substrates to each other, as shown in FIG. 1C. Thereafter, a heat treatment is carried out to the joined substrates 1 
and 2 to firmly bond with each other, and thus a bonded wafer 4 is fomied, as shown in FIG. 1 D. The temperature of 
the heat treatment and the time therefor are preferably in the range of 800-1 200 "C and of 30-300 minutes, respectively. 

45 Next the main surface of the first substrate 1 for making an SOI layer of the bonded wafer 4 is thinned to a thickness 
of 10-20 urn by wet etching, surface grinding or the like, as shown in FIG. IE. Further, a mirror polishing treatment is 
performed to the thinned surface to make a bonded wafer of an SOI structure, as shown in FIG. IF. At this stage, an 
SOI layer 1 having a thickness of 3 ± 0.5 jim is obtained. ■' 

Although the insulating film 3 is formed on the first substrate 1 (bond wafer) in many cases, there is also a case 

so where the insulating film is formed on the second substrate 2 (base wafer). Therefore, the insulating film 3 may be 
formed on either or both the two substrates 1 and 2. _ • . 

Next the SOI layer 1 of the bonded wafer 4 is further thinned to a thickness of 0. 1 + 0.01 ^m. In order to realize 
such an SOI layer having an average thickness and a processing accuracy of 0.1 ± 0.01 to the above bonded 
wafer various methods have been studied. For example, the so-called PACE (plasma assisted chemical etching) meth- 

55 od which is one for making a layer thinner by a vapor phase etching is known, as shown in U.S. Patent 5.254,830 in 
detail In this method, the thickness distribution of a silicon layer to be made thinner is previously measured to make 
a map of thickness distribution, and the thteker portions of the layer are locally thinned by a vapor phase etching which 
is numerically controlled. These steps are repeatedly performed as needed. Such a PACE method can be used to 
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further thin the above SOI layer in the method of the present invention. 

in VhTn^ethS of the present invention, for example, the layer thickness of the bonded wafer 4 having tije SO layer 
with a thfrness of 3 + 0 5 ^xm which was finished by the above-described polishing steps as shown .n FIGS. 1 A-1F. 
Tre sL^ aneous^ rB^asureTat points spaced at 1 -3 mm overthe entire surface of the bonded wafer 4 ,n two d-mens on. 
?or such a m'easl of an SOI layer, various types of -----^/f « td%re lirrirv be 

ferometry an ellipsometer. a high frequency acoustic wave device, a full surface interferometer and the like, may be 
us^ f2 examTe in an embodiment of the measurement method shown in Fl G. 2A, lights emitted from an illumination 
soufce 2 are^niformfy Urminated to the whole surfaces of the bonded wafer 4 having the SOI layer 1 to be measured 
^ « Li bratton ^andard wafer 25 through a filter wheel spectrometer 22 and a full-field imaging optics 23. There- 
Set he" eS^o?^^^^^^^^^^^^ trom'the entire upper surfaces of the bonded wafer 4 andfrom the calibration 
lZ,'Zri !^^r?5 are simultaneously measured in two dimension by using a two-dimensional CCD (charge-coupled 
Svl 24 ThLe' X:^^6Zu^'s7^-^a from the entire upper surfaces of the bonded wafer 4 and the calib^t on 
iar^dard waf 6^25 are sent to a parallel data processor (not shown). The parallel data processor processes the reflected 
Z^X^leX daLZm the entire upper surface of the bonded wafer 4 having the SOI layer 1 and from the calibration 
Sndar'Serll and then makes'a map of thickness distribution of the SOI layer 1 of the bonded wafer 4 at points 
«:nared at 1 -3 mm over the entire surface thereof, on the basis of the processed data. 

^ Thick portions ofthe SOI layer 1 of the bonded wafer 4 are locally made thinner by a vapor phase etching device 
26 uli^Q an RF plasma 27 on the basis of the map of thickness distribution of the SOI layer 1 . as shown J'^^ 
The etching devL 26 includes an RF plasma generating means and a chamber for supplying the generated plasma 
Imo the upVersrrface of the SOI layer 1 of the bonded wafer 4. as shown in FIG. 2C, and can be -lat^e^ moved 
wrth respeS^to the bonded wafer 4 in two orthogonal horizontal directions. As a result, a bonded wafer 4 having the 
<^Ol laver 1 with an average thickness of 0.1 ]jxr\ can be made. ^ ^- 

Zplsent hvention'introduces a polishing step for a surface of at least one of the ^^^^ f^^^^^^^^^ 
for a surface of the bonded wafer, which exerts little influence by irregularities on a rear surface of the substrate or by 
a igure "a surface of a polishing plate which is in contact with the rear surface of the substrate, which ,s the cause 
of the ibove de^ortbed peel-creati^. That is. in this embodiment for manufacturing a bonded wafer having an SOI 
ler ittTeqS that a^ least one of the two mirror-polishing steps of the surfaces of the first and second --bstrates 
S of the Xhing step of the SOI layer of the bonded wafer performed by a polishing treatment for exerting imie 
rnfluenrbytreguLtles on a rear surface of the substrate or the wafer, or by a figure of a surface of a polishing plate 
30 which is in contact With the rear surface of the substrate or the wafer. 

30 ^^^''^^^j;"^^;^^^^^^^^ 3^,. 3,^p, 3 ^3,hod m Which the substrate is polished while being held without fixing 

the rea lurface onhe substrate; for example, the so-called double side polishing method; a polishing method by using 
a suSrie sup^^^^^^^^ member which has a hole with a diameter a little larger than that of the substrate; and a method 
a substrate s"PP°™"^^^ , substrate by a substrate holding member while absorbing the irregu- 

SS^nThet'i '°Te o:^T:::Zl irregular^ on the surface of a polishing p^te. or the like, may be 

"'^ The double side polishing method is one for polishing both the front and rear surfaces ^^^^^^f ^^^f^^^f^^,.^^";^ 
time while holding the substrate in a hole of a carrier without fixing, which has a diameter slightly larger than that of 
t?S sub^J^rrschematic view of a double side polishing apparatus is shown in FIG. 3. In this Figure for example, 
a DiuXS subSates 31 are loaded in the holes of some carriers 32 made of a resin or the hke. each of which has 
a SL sStt smaller than the desired final thickness of the substrates 31 and is arranged to engage with a sun 
oeTsrand an internal gear 34. The carriers 32 revolve both lound the sun gear 33 and on the.r axes by rotation of 
Ser turn tabll S consequently, both surfaces of the substrates 31 in the carriers 32 can be ^ 
b! Sna pads 37 and 38 made of an artificial leather or the like which are adhered on "PP^^^^"*^ '°r'r h! 
35 and Se wS an polishing slurry, e.g.. an alkali aqueous solution inoluding polishing grams of colloidal silica or the 
likP iq QUDDlied to the upper and .lower polishing pads 37 and 38. ^ 
Acc3n7tothemefh^^^^ 

it is posSble fo suppress generation o1 dust from the rear surface. Therefore; it is .possible to solve also the problem 
of oeneralion of particles in manufacturing processes of semiconductor devices. ... ^. 

Tthf polishing method by using a substrate supporting member which has a hole slightly larger ^^--J^- ^^^'^^ 
of the substrate polishing for the front surface of the substrates is earned out by using a pohshir^g pad made o an 
artmcianea her or the like which is adhered on a turn table, while an polishing slurry, e.g.. an alkali aqueous so ut on 
rncludfr^g poUshing grains of colloidal silica or the like, is supplied to the polishing pad. and holding the ^ubstr^es 
:^hou ?xS o? he rear surface in the holes ofthe supporting member called a terhplate which is made of hard synthetK. 
re^northeLandhasholeswithadiameterslightVlargerthan that of the substrate Which IS theob^^^^^^^^ 

A schematic view of an embodiment of an apparatus for polishing a front surface of a substrate whj^. holding the 
rearlr^ace J he substrate by using a substrate holding member, is shown in FIG. 4. In this Figure, in order to prevent 
L^h« ofThe substrate position, the substrates 41 are loaded in the holes of the substrate holding member 42. each 
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of which has a diameter slightly larger than that of the substrates 41. The substrate 41 is held on the surface of a 
porous pad (backing pad) 43 which is adhered on a plate 44 and is made of synthetic resin in cooperation with the 
absorbability of water although the substrate 41 is not completely fixed. The front surfaces of the substrates 41 in the 
substrate holding member 42 can be polished by a polishing pad 45 made of an artificial leather or the like adhered 
5 on a lower tum table 46 which is rotated by a motor 47, while an polishing slurry, e.g.. an alkali aqueous solution 
including polishing grains of colloidal silica or the like, is supplied to the polishing pad 45. The substrate 41 is slowly 
rotated on its axis, while absorbing the irregularities on the rear surface of the substrate 41 by the porous pad (backing 
pad) 43 which is relatively soft, during polishing, it is possible to remove an adverse effect of the irregularities on the 
rear surface of the substrate. 

10 It is preferable that the thickness distribution of the thinned SOI layer has a standard deviation not larger than 2 

nm when comparing it with that of an SOI layer of the existing SIMOX wafer The reason for this is that when the 
standard deviation of the thin layer is larger than 2 nm. the layer thickness distribution of the bonded wafer having an 
extremely thin SOI layer becomes larger to introduce a problem when manufacturing a semiconductor device. 
Next, the present invention will be explained by illustrating preferred examples. 
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EXAMPLE 1: 



A p-type of silicon single crystal wafer piece having a diameter of 5 inch (125 mm) was mirror-polished by a well- 
known wax-mounting method for making a bond wafer piece. In this polishing, the entire polishing stock removal was 
20 about 1 0 ^im. and the polishing was continued so long as the rms (root-mean-square) value of the surface microrough- 
i larger than 0.3 nm (measured area: 250 ^im x 250 ^im) which was measured by the phase shift interferometry 



ness was ) 



method. 

Next, the polished wafer piece was oxidized in an atmosphere of oxygen including vapor at a temperature ot about 
1 050'^C for about 40 minutes to form an oxide film with a thickness of about 0.5 pm on the surface of the bond wafer 
2S piece. 

On the other hand, a p-type of silicon single crystal wafer piece having a diameter of 5 inch (125 mm) was also 
mirror-polished by the above-described double side polishing method for making a base wafer piece. The polishing 
was continued to obtain approximately the same surface roughness as the above bond wafer piece by using a double 
side polishing machine produced by Fujikoshi Machinery Corp. (type of machine: DSP-9B). 

30 The base wafer piece and the above-described bond wafer piece were brought into contact with each other to join, 

and thereafter a heat treatment of about 1100 °C was carried out to the joined wafer pieces in an atmosphere of oxygen 
for about 120 minutes," so that the base and bond wafer pieces were firmly bonded with each other. 

Next in the bonded wafer, a thickness of about 500 \im of the oxide film and the silicon layer of the main surface 
of the bond wafer piece was removed by surface grinding to make the bond wafer piece thinner, and then the surface 

35 of the thinned SOI layer was polished to a thickness of about 4 \xrx\ by using the wax-mounting method which is a 
similar polishing method to that for the bond wafer piece. Thereafter, the bonded wafer was thinned to make the SOI 
layer with a thickness of about 0.1 ^irn by the above-described PACE method using plasma due lo a radio frequency, 
which is shown in FIGS. 2A-2C, in an atmosphere of SFg. Lastly, the RCA cleaning, i.e.. a cleaning by using a mixed 
liquid of ammonia aqueous solution, aqueous hydrogen peroxide and pure water, or by using a mixed liquid of hydro- 

40 chloric acid, aqueous hydrogen peroxide and pure water, was conducted on the thinned bonded wafer to complete the 
SOI bonded wafer having a desired thickness. 

The standard deviation of the layer thickness distribution of the SOI bonded wafer produced by such steps was 
measured by an interferometer computing the layer thickness thereof on the basis of the white light interference pat- 
terns. The results are shown in TABLE 1 . - 

4S In TABLE 1, "Wax-mounting" means a general polishing method using a well-known wax-mounting system; Double 

side Polishing" means the above-described double side polishing method; and "Wafer Holding" means the above- 
described method for polishing while the rear surface of a wafer is held by a soft porous pad containing water therein 
which can absorb the irregularities on the rear surface of the wafer or the irregularities on the surface of a polishing 
plate which is in contact with the rear surface of the wafer. 
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POLISHING METHOD 


STANDARD 
DEVIATION OF 
THE LAYER 
THICKNESS 
AFTER THINNING 




BASE WAFER 


BOND WAFER 


SOI LAYER 




EXAMPLb 1 


Double side 
Polishing 


Wax-mounting 


Wax -mounting 


1.9 nm 


EXAMPLE 2. 


Wax-mounting 


r^/^i iKIa cifHp 

Polishing 


Wax -mounting 


1.3 nm 


EXAMPLE 3 


Double side 
Polishing 


Double side 
Polishing 


Wax-mounting 


1 .7 nm 


EXAMPLE 4 


Wax-mounting 


Double side 
Polishing 


Double side 
Polishing 


1 .6 nm 


EXAMPLE 5 


Double side 
Polishing 


Double side 
Polishing 


Double side 
Polishing 


1 .8 nm 


EXAMPLE 6 


Wafer Holding 


Wax -mounting 


Wax-mounting 


1.8 nm 


EXAMPLE 7 


Wax-mounting 


Wax-mounting 


Wafer Holding 


1.8 nm 


EXAMPLE S 


Water Holding 


Wafer Holding 


Wax-mounting 


1 .6 nm 


EXAMPLE 9 


Water Holding 


Wax-mounting 


Wafer Holding 


1 .8 nm 


EXAMPLE 1 0 


Water Holding 


Wafer l-lolding 


Wafer Holding 


1 .4 nm 


COMPARATIVE 
EXAMPLE 1 


Wax-mounting 


Wax-mounting 


Wax-mounting 


2.8 nm 
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EXAMPLES 2-5: 

A oluraiitv of bonded wafers were produced by polishing the base wafer pieces, the bond wafer P'^^^.^'^^^f ^ 
cr.. t ^ 11; hnn^^^^^ before thinned by the above-described PACE method, by using vanous combinations of 

bution after thinning by the above-described PACE method are also shown .n the TABLE. 
EXAMPLE 6; 

A bonded wafer was produced in the same manner as the EXAMPLE 1. except that the rnirror P°|ishjng for the 
A ''^"d^^ J^^'^". ^ff P .^^g carried out by the above-described method for pol.sh.ng while hold.ng the 

or the irregularities on ^V^l^leZuXs^^^^^^^ wafer piece while holding the rear surface thereof by using the 

a turn table 46 and ^ ^^^^^^ so u^on including polishing grains of colloidal silica or the like, is supplied to 

4^ - ^^^^^^ Polishinrwas continued to obtain approximately the same surface 

""^he'sfa'ndrr^ SCfat^f Jf ?^eTayer thickness distribution after thinning by the above^escribed PACE method are 
shown in TABLE 1 . ■ 
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EXAMPLES 7-10: 



A plurality of bonded wafers were produced by polishing the base wafer pieces, the bond wafer pieces, and the 
SOI Vayers after bonded and before thinned by the above-described PACE method by various combinations of the 
ponsSg rr^ethod which was carried out while holding the rear surface thereof by u^ng a wafer holding member and 
a poNshL method of the wax-mounting system, as shown in EXAMPLES 7-10 in the Table 1' J^P!^^'-^!.^^.^^^^^ 
AMPLE 1 The standard deviations of the layer thickness distribution thereof after thinning are also shown in TABLE 1 . 



COMPARATIVE EXAMPLE 1: 



In order tocompare with the embodiments of the invention, a bonded wafer was produced underthe same condrtion 
as the EXAMPLE 1 except that all of the above^lescribed three polishing steps for the base wafer pieces the bond 
wafer pieces, and the SOI layers were carried out by using a polishing method ^^J^e wax-mountmg syste^^^ 
Ttanda^d deviation of the layer thickness distribution thereof after thinning by the above-descnbed PACE method is 
IS shown in TABLE 1 . 

COMPARATIVE EXAMPLE 2: 

A p-type of sillcon-single crystal waier piece having a diameter of 6 inch (150 nm) was mirror-polished for niaking 
a bond wafer piece by a well-known polishing method of the wax-mounting system, piece by a ^ell-known pohsh ng 
method of the wax-mounting system. In this polishing, the entire polishing stock ^^^^^ f °"V1^^^ 
Dolishinq was continued so long as the m,s value of the surface microroughness was larger than 0 3 nm (measured 
area 25oI^ x 250 ^m) which Was measured by the phase shift interferometry method. Next the polished wafer piece 
was oxfd°z^ in an Atmosphere of oxygen including vapor at a temperature of about 1050-C for about 40 minutes to 
form an oxide film with a thickness of about 0.5 ^m on the surface of the bond wafer piece. 

On the other hand, for making a base wafer piece, the same silicon single crystal wafer piece as the bond wafer 
piece waTpolished by a polishing method in which the front surface of the wafer piece was polished while fixing the 
r^r s^rfac^onhe Ifer^iece by using a vacuum suction chuck system, and which was liable to create peels in 
rr:;parLn with thepolishingmethodofwax-mountingsystem. The polishing stockremo^^^^^ 

were equivalent to those of the bond wafer piece. However, according to an obsen^ation of the front surface of the 
polished base wafer piece by a magic mirror, the existence of peels was clearly found, in companson with the case of 

'^'h^b'^^waitr piece and the above-described bond wafer piece were brought into contact with each other to join, 
and thereafter a heat treatment of 1100 "C was carried out to the joined wafer pieces in an atmosphere of oxygen for 
S r^rnutfs to fS bond with each other Next, in the bonded SOI wafer, a thickness of about 600 ^ of the oxide 
JfrS Tnd the Sicon layer of the main surface of the bond wafer piece was removed to make the bond wafer piece 
Tnner by surface grinding, and then the surface of the thinned SOI layer was polished to a thickness of 3±0.5 ^m by 
aToTshhg r^Jhodlhich was liable to create peels in comparison with a polishing method of the wax-mounting system, 
fhaf s SS method in which the front surface of the bonded wafer was polished while fixing the back surface 
t^e eof by a vacuum suction holding system (a polishing method similar to that of the base -f-^^^^^^JJ^^^;^^^ 
the bonded wafer was thinned to make the SOI layer with a thickness of 0.1 ^m by the above-descnbed PACE method 
in the same manner as the EXAMPLE 1 . . j„ inr- c tkc. mo^cnr^:. 

The results of the measured thickness of the SOI layer in a diameter direction ^'f . . ^^^^^^ 

ment was carried out by using a contact probe roughness measurement apparatus "TALYSTEP sold by Rank Taylor 
Son Lifted in this Figure the cycle of the layer thickness distribution is about 10 mm and the peak-to-valley value 
reaches about 40 nm (=0.04 nm). and the layer thickness distribution has a standard deviation not less than 
To nm From the resu ts. f is understiod'that according to the above conventional polishing method, even though the 
iond^d wJfer is thinned to make the SOI layer with a thickness of 0.1 ^m by the PACE method the adverse effect of 
peels which were created during the preceding polishing step cannot be completeV compensated. 
'^ ThTmlodformanufacturingabondadwaferaccordingtothepresent invention which gives advantageous^ 

of a unlor^Tckness and a higher processing accuracy to the bonded wafer, can be applied in manufactunng not 
only a bonTed wafer having a thfn SOI layer but also abonded wafer having an SOI layer of ^ -''^^ ^^^^^^^^^^^^^ 
than 0. 1 ^lm and entire surfaces finished wrth high accuracy. Concretely, it is considered that the -"vent^n -s app^^cable 
to manufacturing a bonded wafer for which a layer thickness allowance within ±0.1 ^m is required^ which is thought 
difficult to be manufactured by only polishing. Further, the invention is not limited to application to ^0^^^^"'^"^^^^^^^ 
method of the present invention has basically no limitation wrth respect to the material for the substrates to be bPn^^^^^^ 
and it can be also applied to a technique for directly bonding two substrates through no oxide ^Im. For example, the 
metf^o?of ?he presenUnvention can be also applied to directly bonding heavily and lightly doped silicon substrates to 
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each other bonding a conductive, semiconductive 6r superconductive substrate to a quartz substrate, formation of a 
lT^^oT6.cZ heterostructure such as a direct bonding of drfferent types of compound semiconductor substrates or 
a bondina of a GaAs substrate on an Si substrate, and the lil<.e. 

AS descrfbed above, according to the invention, it is possible to uniformalize the layer thickness of the bonded 
wafeMo havTa standard deviation of the distribution thereof not larger than 2 nm and to manufacture a bonded wafer 
finished with high accuracy. 
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1 . A method for manufacturing a bonded wafer comprising the steps of: 
mirror-polishing a surface of a first substrate (1 ), 

characterised In that at least one of the mirror-polishing steps Is performed by a polishing treatment in which 
irregularities on a rear surface of the one substrate or the figure of the surface of a pohsh.ng plate wh.ch .s .n 
contect with the rear surface of the one substrate exerts little influence on the surface finish. 

2 A method for manufacturing a bonded wafer according to claim 1 . in which an '^'^^^^''^^fl^^l^^;^^^^^ 

leastoneof themlrror-polishedsurtacesofthefirstandsecondsubstrates(1,2). and ,n which the first and second 

substrates (1 .2) contact each other through the insulating film (3) to join the substrates together. 

3. A method for manufacturing a bonded wafer as claimed in claim 1 or 2,.further oomprising the steps of thhning 
one of the firmly bonded substrate (1 .2) by wet-etching or grinding, and polishing the thinned substrate (1 .2). 

30 4. A method for manufacturing a bonded wafer comprising the steps of: 

mirror-polishing a surface of a first substrate (1 ). 

mirror-polishing a surface of a second substrate (2), ^ u ^ 

fo^°ng an insulating film (3) on at least one of the mirror-polished surfaces of the first and second substrates 

bringing the mirror-polished surfaces of the first and second substrates (1 .2) into contact with dne another 
through the insulating film (3) to join the first and second substrates (1 ,2) together. 
suSng the first and second substrates to a heat treatment to firmly bond the substrates (1 .2) together, 
thinning one of the firmly bonded substrates, by wet^etching or grinding, and thereafter 
subjecfing the thinned one of the bonded substrates to a polishing treatment in which .rregu^^t^es on a rear 
surface of the one surface or the figure of the surface of a polishing plate which is in contact with the rear 
surface of the one substrate exerts little influence on the surface finish. 

A method for manufacturing a bonded wafer as claimed in claim 3 or 4. further comprising the step of. further 
■ thinning the polished thinned substrate (1 .2) by a vapour-phase etching to form a thin semiconductor layer. 

6 A method for manufacturing a bonded wafer as claimed in claim 5, wherein the step of further thinning by a vapour- 
l^slTch^g comprises, measuring the thickness distribution of the thinned substrate to make a map of its thick- 
nesI distribuL, and locally thinning any thicker portions thereof on the basis of the map by a vapour phase 
so etching technique which is numerically controlled. 

7. A method for manufacturing a bonded wafer according to any one of the preceding claims, wherein both the first 
and second substrates (1,2) comprise silicon. 

55 8 A method for manufaclunng a bonded wafer according to any one of the preceding claims, wherein the polishing 
treatment is performed by a polishing method in which the one substrate is held without fpcing its rear surface. 

9. A method for manufacturing a bonded wafer according to any of the preceding claims, wherein the polishing treat- 
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ment is either a double sided polishing method or a polishing method in which the rear surface of the one substrate 
(1 .2) is held on a soft surface which absorbs its irregularities. 

A method for manufacturing a bonded wafer according lo any one of the preceding claims, wherein the polishing 
treatment is one in which the front surface of the one substrate (1 .2) is polished wrth a polishing le the 

substrate is held without fixing in a hole of a substrate supporting member (42) having a diameter slightly larger 
than that of the substrate (1 ,2). 
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(54) Method for manufacturing a bonded wafer 

(57) A method for manufacturing a bonded waier 
comprises the steps of: mirror-polishing a surface of first 
(1) and second (2) substrates, bringing the mirror-pol- 
ished surfaces of the substrates (1,2) into contact with 
one another to join them together, and subjecting the 
substrates (1 ,2) to a heat treatment to firmly bond them. 
An insulating layer (3) may be formed on one surface 
prior to joining. One of the surfaces of the first and sec- 
ond substrates (1,2) prior to bonding, or one surface of 
the bonded wafer is subjected to polishing treatment in 
which irregularities on a rear surface of the one sub- 
strate or the figure of the surface of a polishing plate 
which is in contact with the rear surface of the one sub- 
strate exerts little influence on its surface finish. 
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